New Guinea, and Australia. The essentially European genus Bituminaria comprises 2 species endemic to Mediterranean Europe, North Africa, and Euxine areas (Stirton, 1981a) .
The genus Psoralea is represented by 3 species in the Flora of Turkey (Davis, 1970; Davis et al., 1988; Özhatay et al., 2009 ). According to Stirton (1981b) , Psoralea bituminosa and P. acaulis were transferred into the genus Bituminaria Heist. ex Fabr. as B. bituminosa (L.) C.H.Stirt. and B. acaulis (Hoffm.) C.H.Stirt., respectively, and Psoralea jaubertiana Fenzl was transferred into the genus Cullen Medik. as Cullen jaubertianum (Fenzl) C.H.Stirt. According to the latest classification of Stirton, 1 Cullen taxon and 2 Bituminaria taxa occur in Turkey (Güner et al., 2012) .
Previous phylogenetic analyses of Fabales using molecular methods revealed conflicting interfamilial relationships, failing to provide adequate and convincing support for these relationships (Doyle et al., 2000; Persson, 2001; Bello et al., 2009; Bandara et al., 2013) . Tucker exploited previous explorations of floral evolution within Leguminosae for phylogeny reconstruction several times (e.g., Tucker, 1987 Tucker, , 1997 Tucker, , 2003 Tucker and Stirton, 1991; Tucker and Douglas, 1994; Prenner and Klitgaard, 2008) .
The matK and rbcL coding genes revealed elevated nucleotide substitution rates for the tribe Psoraleeae, showing rapid evolution or diversification (Lavin et al., 2005) . Age estimation demonstrates the recent diversification of 2 genera, Cullen of Australia and Rupertia in tribe Psoraleeae, endemic to the western United States, at approximately 6.3 million years ago and especially as the North American clade of Psoraleeae diversified after the transcontinental split (Lavin et al., 2005; Egan and Crandall, 2008) .
The inter-simple sequence repeat (ISSR) method targets particular sequences that are abundant in the eukaryotic genome; it overcomes the technical difficulties of restriction fragment length polymorphism and random amplified polymorphic DNA. As a commonly preferred marker system, it generates reproducible results and is a highly polymorphic DNA-level characterization method (Rafalski et al., 1996; Bornet and Branchard, 2001) .
The aim of this study was to determine the genetic relationships among the Bituminaria and Cullen species and to resolve controversial inter-and intraspecific statuses using a combination of morphological and reliable molecular marker analyses. Such a comprehensive study covering all Psoralea genera in Turkey would be necessary to make a more thorough classification to decide the current circumstance of the genera Bituminaria and Cullen. Although this study contributes new conclusions to the literature, it is limited to the known Bituminaria and Cullen genera. It would be very useful for further studies to use numerical and molecular data.
Materials and methods

Specimen collection
During field trips in Anatolia between the 2011 and 2012 vegetation periods, specimens from 3 Psoralea L. taxa were collected. Leaf samples belonging to 4 Psoralea and 3 outgroup specimens from different localities were dried in silica gel. A list of the taxa used in this study, specimens of which are currently kept in the KNYA herbarium, is given in the Appendix.
In total, 125 morphological characters were determined from the 3 taxa of the genus Psoralea and compared with species of Cicer, Astragalus, and Vicia. These characters were placed under 5 headings of habit, stem characteristics, leaf characteristics, flower structure, and pod characteristics (Table 1) . Character state transformations were selected as unordered. The polarity of characters was determined using the outgroup method (Maddison et al., 1984; Meher et al., 2012) .
DNA isolation
Nuclear DNA was isolated from leaves of both herbarium specimens and fresh materials using the CTAB method as given in the Appendix by asterisks (Sambrook et al., 1989) . Total DNA was obtained from 50 to 75 mg of dried leaf tissue from 9 different individual samples. DNA concentrations were determined with NanoDrop. DNA samples were diluted to 25 ng/µL. Stock DNA solutions were kept at -86 °C.
ISSR amplifications
PCR reactions with ISSR primers were amplified in a thermal cycler (Eppendorf Mastercycler Gradient Thermocycler). The characteristics of the primers used are given in Table 2 . Each 25-µL PCR reaction contained 2.5 µL of PCR buffer (10 mM TRIS/50 mM KCl buffer, pH 8.0), 3 µL of 25 mM MgCl 2 , 0.5 µL of primer solution (25 pmol total), 0.5 µL of 100 mM dNTP mix, 0.4 µL of 5 U/µL Taq DNA polymerase, 4 µL of template DNA, and 14.1 µL of distilled water. After a 3-min predenaturation step at 94 °C, reactions were cycled 40 times at 94 °C for 1 min, at annealing temperature (Table 2 ) for 1 min, and at 72 °C for 1 min with a final extension for 10 min at 72 °C. Upon completion of the reaction, 15-µL aliquots of the PCR products were mixed with 3 µL of loading dye (50% glycerol, 0.25% bromophenol blue, and 0.15% xylene cyanol) and loaded onto a 2% agarose 1X Tris-borate-EDTA gel and subjected to electrophoresis at 4 V cm -1 . Amplified fragments were visualized under a UV transilluminator and photographed using a gel documentation system (Vilber Lourmat, Infinity model) (Figure 1 ).
Data collection and cluster analysis
All fragments amplified were treated as dominant genetic markers. Each DNA band was visually scored as an independent character or locus ('1' for presence and '0' for Table 1 . List of characters used in numerical taxonomic analyses. absence). Every gel was scored in triplicate (independent scorings) and only the consistently scored fragments were used for analysis. The standardized ISSR data were initially analyzed using the NTSYSpc package program (Applied Biostatistics, Exeter Software) (Rohlf, 1992) . Many different types of characters were recorded. Continuous data, usually considered to be intrinsically ordered when coded into 'discrete' states, were scored as numbered states accounting for the natural ranges of variation. All characters were scored as 1-8 or multistate but were considered as unordered in the final analysis. The code of 9 was used to represent missing data. Where appropriate, nonvariable characters and characters for which there was a considerable amount of missing data were omitted during the analyses. The results of the incongruence length difference test showed that the 2 data sets, the numerical partial (1-8 characters) set and the present-absent (0,1) set, were congruent only at P = 0.01 (P = 1 -(99/100) = 0.010). This P-value is the threshold at which combining the 2 data sets would improve phylogenetic confidence. A binary data matrix was prepared and all data analysis was performed using the NTSYSpc package program. In both cluster analyses of the samples, the unweighted pair-group method with arithmetic mean (UPGMA) procedure was followed (Rohlf, 1992) . The similarity coefficient method was used. Genetic distances were calculated with the simple matching coefficient. In order to determine the ability of ISSR data to display the interrelationships among the samples, analysis was conducted using the NTSYSpc package program. ISSR data obtained from 7 samples and a total of 253 bands were converted into a matrix of 253 × 7. Numerical data obtained from 7 taxa and a total of 125 traits were organized into a matrix of 125 × 7. The mean of 10 individual sample measurements related to the external morphologies was considered for every metric character of the taxa. Sneath's simple matching coefficient was used in the UPGMA clustering method. Cophenetic correlation can be calculated and used as an indication of degree of fit between the similarity matrix and the cophenetic value matrix based on the UPGMA cluster file. In order to determine the ability of numerical data to display the interrelationships among the samples, principal coordinate analysis (PCoA) of pairwise genetic distances (Nei, 1972) was also conducted using NTSYSpc and Minitab packages.
GENERAL LEAVES
Results
Classification of the taxa based on morphological characters is the gold-standard among the various well-established methods of taxonomy. However, problems in classification arise when the taxa display a large amount of variability due to phenotypic plasticity (Van den Berg and Groendijk, 1999) , a situation where the most valuable contribution from the molecular biological tools may be obtained. In the present study, by using numerical classification methods, 7 taxa were evaluated morphologically on the basis of a data matrix generated from 125 characters (7 × 125). Cluster analysis was conducted based on both discrete and continuous morphological data that were previously standardized. Figure 2 shows the UPGMA phenogram comprising all operational taxonomic units (OTUs) in the present work.
Related to the molecular study, 5 primers from an initial screening with 8 ISSR primers revealed high levels of polymorphism. The ISSR primers generated 253 highly polymorphic fragments that were consistently amplified in repeated experiments. The molecular data set comprised these 253 × 7 characters. The GC percentages of the selected primers were 33.3%-55.6% (4 of them being 52.6%). Genetic distances were calculated with the simple matching coefficient. Figure 3 shows the UPGMA dendrogram comprising all OTUs in the present work.
Since the phenogram generated does not reflect the distinction of some taxa properly [e.g., the improper discrimination of Bituminaria acaulis (A) and B. acaulis (B)], we benefitted from the higher resolution offered by PCoA in determining these relationships more accurately (Figure 4) , whereby the related subspecies were clearly separated by the first and the second principle coordinates (PCo1 and PCo2).
Discussion
Prior to 1977 (Stirton, 1981a) , Psoraleeae was assumed to be closely related to Amorpheae, but recent studies (Lavin et al., 2001a; Wojciechowski et al., 2004) have shown that Psoraleeae is nested in Phaseoleae s.l. (Lewis et al., 2005) .
Psoraleeae is a sister to the Phaseoleae subtribe Glycininae in a well-supported clade based on rbcL sequences (Doyle et al. 1997) , encoding subunit 2 of the cytochrome oxidase gene (Adams et al., 1999; Doyle and Doyle, 2000) . Glycine with the basally branching Cullen was sister to Otholobium, Psoralidium, and Rupertia in trnK-matK analysis (Hu, 2000 , Wojciechowski et al., 2004 .
In this study the relationships of tribes Psoraleeae (Bituminaria, Cullen), Vicieae (Vicia), Astragalae (Astragalus), and Cicereae (Cicer) were determine by both taxonomic and molecular data for the first time in Turkey. According to the Flora of Turkey, the tribe Psoraleeae is after Astragalae and before tribes Cicereae and Vicieae.
According to the ISSR dendrogram, 2 major groups could be distinguished: (A) a major group with Bituminaria acaulis, B. bituminosa, and Cullen jaubertianum, or, in other words, the tribe Psoraleeae; (B) an outgroup with Cicer anatolicum, Vicia anatolica, and Astragalus emarginatus in tribes Vicieae, Astragalae, and Cicereae. The cophenetic correlation of the distance and the tree matrices obtained by the molecular method was 0.80, indicating a good fit of the dendrogram to the distance matrix (Rohlf, 1992) .
The preliminary molecular results obtained in this study and the current phenotypic analyses were generally in good agreement. Similarly, the phenogram generated by the numerical data presented a highly similar clustering profile on PCoA. In order to clarify the interrelationships of some taxa at species level, we also conducted PCoA. The goal of PCoA is to permit the positioning of objects in a space of reduced dimensionality while preserving their distance relationships as much as possible. We performed PCoA using the product-moment correlation as a coefficient. The procedure calculates the distance matrix based on STAND data while the procedures EIGEN, PROJ, and MXPLOT were used to perform the PCoA. We preferred PCoA rather than principal components analysis because PCoA performs better on data sets with missing data (Rohlf, 1972) . Using the first 2 dimensions (PCo1 and PCo2), it was observed that the improper discrimination of the target taxa, like that of B. acaulis (A) and B. acaulis (B), were resolved in a satisfying way due to the higher resolution of the PCoA method (Figure 4) .
Among the field samples and herbarium materials, we recognized that 2 samples of Bituminaria acaulis (A) from Artvin (S.Toksoy 1002) and Bituminaria acaulis (B) from Rize (A.Duran 9750 & M.Öztürk) showed differences in the phenogram, dendrogram, and PCoA. They differed in features such as stem and petiole length; leaflet width × length, petiolulate, stipule length; inflorescence length, flowers on each peduncle, bracts and bracteoles width × length; and calyx, calyx teeth and tube length, standard, carina and wing length, claw and limb length ( Figure 5 ).
According to morphological and molecular data, after revision of the genus Psoralea in Turkey, the genus Psoralea specimens were divided into the genera of Bituminaria and Cullen in accordance with Stirton's (1981b) classification. Although the genus Psoralea specimens' pedicel was subtended by a distinctive lobed cupulum, those of Cullen and Bituminaria were not. Bituminaria and Cullen are separated from each other by their fruit structures. The genus Cullen has fruit oval, conspicuously black glandular warty when mature, while the genus Bituminaria has fruit never black glandular warty. However B. acaulis has bracteoles and B. bituminosa does not.
The key to diagnosis of the genera Psoralea, Cullen, and Bituminaria is given below (Stirton 1981b Consequently, 2 of the 3 Psoralea taxa must be transferred to Bituminaria bituminosa and B. acaulis, and 1 must be transferred to Cullen jaubertianum. Thus, there is no occurrence of the genus Psoralea in Turkey.
